Kaempferol 3-O-β-isorhamninoside (K3O-ir) and rhamnocitrin 3-O-β-isorhamninoside (R3O-ir), were isolated from Rhamnus alaternus L leaves. The genotoxic and antigenotoxic properties of these compounds were investigated by assessing the induction and inhibition of the genotoxicity induced by the direct-acting mutagen, hydrogen peroxide (H 2 O 2 ), using the "comet assay." K3O-ir and R3O-ir exhibited a preventive effect against H 2 O 2 induced DNA damages in human lymphoblastoid TK6 cells and its derivative the p53 deficient cell line NH32.
Introduction
Free radical reactions, especially with participation of oxidative radicals, have been shown to be involved in many biological processes that cause damage to lipids, proteins, membranes and nucleic acids, thus giving rise to a variety of diseases (Datta et al., 2000) . Reactive oxygen species (ROS) have been recognized as playing an important role in the initiation and/or progression of various diseases such as atherosclerosis, inflammatory injury, cancer and cardiovascular disease (Halliwell, 1997) . Thus, recent studies have investigated the potential of plant products to serve as antioxidants against various diseases induced by free radicals (Hou et al., 2003) . Additionally, it has been determined that the antioxidant effect of plant products is mainly due to phenolic compounds, such as flavonoids, phenolic acids, tannins and phenolic diterpenes (Chung et al., 1998; Pietta, 2000) . Phenols, flavonoids and other non-nutrient compounds of fruits and vegetables have been recognized as potential factors that can be beneficial to human health because of their antioxidant, antimutagenic and/or anticarcinogenic, and anti-inflammatory activities.
Indeed, flavonoids have been shown to be effective scavengers of reactive oxygen species (ROS), and it has been suggested that flavonoid anticancer activities depend heavily on their antioxidant and chelating properties (Duthie and Dobson, 1999; Afanas'ev et al., 1995) . The oxidation of lipids, DNA, proteins, and other biologic molecules by ROS may cause DNA mutation and/or serve to damage target cells, and this may result in various pathological cellular disturbances. Oxidative stress is considered to be strongly associated with the aging process and certain degenerative diseases including various cancers and coronary heart disease (Finkel and Holbrook, 2000) . In addition, it has been found that oxidative stress causes increased oxidative injury in neuronal cell nuclei and mitochondria DNA indicating that oxidative stress plays an important role in the pathological process of neurodegenerative diseases (Mecocci et al., 1994) .
In the present study, two triglycoside flavonoids : kaempferol 3-O-β-isorhamninoside and rhamnocitrin 3-O-β-isorhamninoside isolated from the leaves of Rhamnus alaternus were investigated for their antigenotoxic effect using the comet assay, and their antioxidant effect using the Cupper power Reducing Antioxidant Capacity (CUPRAC), the reducing power and the Ferric Reducing Antioxidant Power (FRAP) assays. These assays allowed to reveal the capacity of the tested flavonoids to counteract free radicals, preventing them from provoking cellular damages.
Material and methods

Cell culture
Human lymphoblastoid TK6 and NH32 cell lines were kindly provided by Pr. Pierre Bischoff (Centre Paul Strauss Strasbourg, France). TK6 expresses wild-type p53, and NH32 expresses mutant type p53. Cells were cultivated in RPMI-1640 glutamax supplemented with 10% (v/v) fetal bovine serum, 1 mM sodium pyruvate, 1 mM non-essential amino acids, 50 μg/ml gentamicin, at 37°C in humidified atmosphere with 5% CO 2 . The experiments were performed after approximately two passages to limit chromosome instability due to culture maintenance.
Tested compounds
Kaempferol 3-O-β-isorhamninoside (K3O-ir) and rhamnocitrin 3-O-β-isorhamninoside (R3O-ir) were isolated from R. alaternus L and identified according to its NMR and mass spectra ( Fig. 1 ) (Ben Ammar et al., 2009 ).
Comet assay
The comet assay was used to detect DNA damages in human lymphocytes. Cells were treated during 24 h with 200, 400 and 800 μg/ml of each compound. They were harvested in phosphate-buffered saline (PBS) after incubation in stressing conditions for 5 min on ice, with 75 μM H 2 O 2 . A cell dilution (500,000 cells in 60 μl) was mixed with an equal volume of low-melting-point agarose (1.2% in PBS). This agarose cell suspension (120 μl) was spread onto slide previously precoated with 100 μl of normal agarose (1% in milli-Q water), and covered with a cover slip. After 10 min on ice, the cover slip was gently removed, and the slides were placed in a tank filled with the lysate buffer (2.5 M NaCl, 100 mM EDTA, 10 mM acid Tris, 1% sodium sarcosinate pH 10, 1% of Triton X 100 and 10% DMSO). They were immerged for 1 h in this buffer (4°C, in the dark). The slides were then transferred into the electrophoresis buffer (NaOH 10 N, EDTA 200 mmol/l, pH 13 in deionized water) during 20 min at room temperature in the dark. Electrophoresis was carried out for 15 min at 25 V, 300 mA. Finally, the slides were gently rinsed with neutralization solution (0.4 M Trisma Base, pH 7.5) 3 times for 5 min each time. Staining of DNA was accomplished using 50 μl of ethidium bromide solution at 20 μg/ml in PBS per slide. The slides were examined using an epifluorescence microscope (Zeiss Axioskop 20; Carl Zeiss, Microscope Division, Oberkochen, Germany) (Scassellati-Sforzolini et al., 1999) .
Quantification of the comet assay
A total of 100 comets on each slide were visually scored according to the relative intensity of fluorescence in the tail and classified as belonging to one of five classes. Each comet class was given a value of 0, 1, 2, 3, or 4 (from undamaged, 0 to maximally damaged, 4) as described previously by Collins et al. (1996) . The total score of DNA damage was calculated by the following equation:
Consequently; the total score was ranging from 0 to 400:
The inhibition percentage of Total DNA Damage (%) was calculated relative to DNA damage in the control cells treated with H 2 O 2 only by the following formula: the method of Apak et al. (2004) . Test tubes containing different concentrations of samples (1000, 500, 250, 125, 62.5 and 31.25 μg/ml), 0.25 ml of CuCl 2 solution (0.01 M), 0.25 ml of ethanolic neocuproine solution (7.5 × 10 − 3 M), and 0.25 ml of NH 4 Ac buffer solution (1 M, pH 7) were added, consecutively. The total volume was then adjusted with distilled water to 2 ml and mixed well. Absorbance against a reagent blank was measured at 450 nm after 1 h and the results were expressed as Trolox Equivalent Antioxidant Capacity (TEAC), according to the calibration curve (10-1000 μg/ml).
Reducing power
The reducing power of K3O-ir and R3O-ir was determined according to the method of Oyaizu (1986) . Sample solutions at different concentrations (1000, 500,250, 125, 62.5 and 31.25 μg/ml) were mixed with 2.5 ml of 0.2 M phosphate buffer (pH 6.6) and 2.5 ml of potassium ferricyanide (1%). After incubation at 50°C for 20 min, 2.5 ml of TCA (10%) was added and the mixture was centrifuged (5000 rpm, 10 min, 25°C). Supernatant (2.5 ml) was mixed with distilled water (2.5 ml) and 0.5 ml of ferric chloride (0.1%), then the absorbance was measured at 700 nm. The higher absorbance of the reaction mixture is, the greater its reducing power is. Values were calculated according to the calibration curve with Trolox (10-1000 μg/ml) used as positive control.
FRAP assay (ferric reducing antioxidant power)
Antioxidant activity of the samples was measured using the ferric reducing antioxidant power (FRAP) assay (Benzie and Strain, 1996) . This method measures the absorption change that appears when the (2,4,6-tri-pyridyl-s-triazine)-Fe 3 + complex (TPTZ-Fe 3 + ) is reduced to the TPTZ-Fe 2 + form in the presence of antioxidants. An intense blue color, with maximum absorption at 593 nm, develops. The FRAP method gives a measure of the total antioxidant activity of the sample. The fresh FRAP reagent was prepared daily by mixing 25 ml acetate buffer (300 mM, pH 3.6), 2.5 ml TPTZ solution (10 mM) and 2.5 ml of FeCl 3 solution (20 mM). The reagent was warmed to 37°C for 30 min, then 50 μl volume of different concentrations of molecules (1000, 750, 500, 250 and 125 μg/ml) was added to the 950 μl of fresh FRAP reagent and the absorbance was measured after an incubation time of 30 min at 37°C. Values were calculated according to the calibration curve with Trolox in the range of 10-1000 μg/ml.
Statistical analysis
All tests were carried out in triplicate and the results were presented as means ± standard deviation (SD). The data were tested for statistical differences by one-way ANOVA followed by Duncan's multiple comparison tests using STATISTICA (Version 6.0, Statsoft, Inc.) to compare data of cells treated with different concentrations of tested compounds and cells treated by the genotoxic agent H 2 O 2 , in the comet assay. Statistical differences were determined at the p b 0.05.
Results
Comet assay
The induction of DNA damage in human lymphoblastoid cells (TK6 and NH32) after exposition to different concentrations of K3O-ir and R3O-ir, for 24 h was studied using the comet assay. This method was reported to be sensitive for detecting DNA strand breaks in individual cells (Aruoma, 1999) . Quantification of the comet data is reported as Total DNA damage (TDD) in Figs. 2 and 3 . No significant difference was detected between the TDD induced by K3O-ir (TDD = 212, 151 and 67 at concentrations of respectively of 800, 400 and 200 μg/ml) and that induced by R3O-ir (TDD = 238, 139 and 110) at the same tested concentrations (800, 400 and 200 μg/ml) in TK6 cells on one hand, and the negative control (non-treated cells; TDD = 163) on the other hand. In the opposite, a significant increase of the Total DNA damage (TDD = 348) was observed in TK6 cells exposed to 75 μM of H 2 O 2 , compared to the untreated cells. Likewise, K3O-ir and R3O-ir revealed a non genotoxic effect at the doses of (200 and 400 μg/ml) whereas the highest tested concentration (800 μg/ml) exhibited a genotoxic effect (p b 0.05) when tested with NH32 cells. The TDD values were 240 and 226 with respectively K3O-ir and R3O-ir, suggesting inducing of DNA breakage in p53 deficient lymphoblastoid human cells.
As we demonstrated in earlier studies that both K3O-ir and R3O-ir exhibited an antimutagenic effect using the prokaryotic SOS chromotest assay, we decided to confirm the underlying mechanism by evaluating the effects of each molecule against the H 2 O 2 induced genotoxicity using a eukaryotic antigenotoxic assay, namely the alkaline single-cell gel electrophoresis (comet) assay. We thus evaluated the decrease of total DNA damage induced by H 2 O 2 in both p53 wild type TK6 cell line and p53 deficient type NH32 cell line. Our result revealed that K3O-ir and R3O-ir decreased the TDD of TK6 cells in a reverse dose dependent manner, with maximums of respectively 49.5 +/− 7% and 86 +/− 5% at the lowest tested concentration (200 μg/ml) (Fig. 4) . Whereas, K3O-ir and R3O-ir inhibited the genotoxicity induced by hydroxyl radicals in NH32 cells in a dose dependent manner, in fact at the highest tested concentration of both R3O-ir and K3O-ir the inhibition percentage values are respectively 89.9 +/− 5% and 57.5 +/− 4% (Fig. 5) .
The cupric reducing antioxidant capacity (CUPRAC)
K3O-ir and R3O-ir exhibited a significant ability to reduce the Cu 2 + -neocuproine complex to Cu + -neocuproine revealing a redox potential of the two compounds in a dose dependent manner. The highest values obtained with 1 mg/ml of each compound, were 374 μg/ml and 310 μg/ml equivalent Trolox for respectively R3O-ir and K3O-ir (Fig. 6) .
Reducing power
The reducing power assay evaluates antioxidant capacity of compounds based on their ability to reduce ferric (Fe 3 + ) to ferrous (Fe 2 + ) ion through the donation of an electron, with the resulting ferrous ion (Fe 2 + ) formation monitored spectrophotometrically at 700 nm. In fact, the reducing power of the test samples correlated well with increasing concentrations, and the tested compounds exhibited good reducing potential. Therefore, R3O-ir possesses at a concentration of 1 mg/ml a higher reducing power of iron (368 μg/ml equivalent of Trolox) than K3O-ir (330 μg/ml equivalent of Trolox) (Fig. 7) . 
FRAP assay (ferric reducing antioxidant power)
Generally, the reducing properties are associated with the presence of compounds which exert their action by breaking the free radical chain by donating a hydrogen atom (Duh et al., 1999) . Fig. 8 depicts the Fe 3 + -Fe 2 + transformation investigated in the presence of K3O-ir and R3O-ir, using the potassium ferricyanide reduction method. The reducing activity of tested compounds, increased with increasing sample concentrations. Therefore, at the same concentration of 1000 μg/ml, K3O-ir and R3O-ir reduce a maximum of iron ion by 300 μg/ml and 320 μg/ml equivalent of Trolox respectively (Fig. 8) .
Discussion
Flavonoids are known to have antioxidant properties in their own right (Brown, 1980; Formica and Regelson, 1995; Manach et al., 1996) , which are due primarily to their phenolic hydroxyl groups. Antioxidant effect increases with increasing hydroxylation of A and B rings.
In fact, flavonoids inhibit the enzymes responsible for O 2 U − production (Hanasaki et al., 1994; Ursini et al., 1994) ; the low redox potentials of flavonoids thermodynamically allow them to reduce highly oxidizing free radicals such as O 2 U − , ROOU and HOU − (Buettner and Jurkiewicz, 1996) ; and a number of flavonoids chelate trace metals (Pietta, 2000) . Besides scavenging, flavonoids may stabilize free radicals by complexing with them (Shahidi and Wanasundara, 1992) .
According to our experiments it appears that K3O-ir and R3O-ir do not lead breaks in TK6 cell DNA, at the different tested concentrations. Indeed, there is no significant difference between the tail DNA of TK6 untreated and treated cells when using the comet assay. Whereas when K3O-ir and R3O-ir were incubated with different concentrations of p53 deficient lymphoblastoid cell line, we observed a marginally genotoxic effect which may be induced by high concentrations of flavonoids. This dual property of flavonoids was previously described by Edenharder and Grunhage (2003) .
However, when cells are treated with H 2 O 2 , the predominant lesion in DNA is the strand breaks, and base oxidation. Such damages can increase the risk of cancer development (Martins et al., 1991) . That's why in an attempt to study flavonoids for their protective effect against H 2 O 2 induced DNA damage in p53 wild type human lymphoblastoid cells (TK6) and p53 mutated human lymphoblastoid cells (NH32), the result of antigenotoxic activity showed a very high protective effect of the two tested flavonoids against H 2 O 2 DNA damages in both TK6 and NH32 cell lines. This protective action can be explained by their ability to penetrate through the cell membrane and to interrupt radical chain induced by H 2 O 2 , allowing thus prevention or reduction of free radical formation, which is responsible of cellular macromolecules damaging.
As reported in many studies, the activities of natural antioxidants in influencing diseases are closely related to their ability to reduce DNA damage, mutagenesis, carcinogenesis and inhibition of pathogenic bacterial growth (Roginsky and Lissi, 2005) . For that reason, we choose to study the antioxidant activity of flavonoids by different antioxidant assays, based on the ability of flavonoids to scavenge synthetic free radicals, through their capacity to reduce iron and copper by CUPRAC, reducing power and FRAP assays. The radical scavenging methods are common spectrophotometric procedures for determining antioxidant capacities of components.
The results obtained showed that the two tested flavonoids possess a reducing power of iron and copper metals. This is in accordance with numerous authors which have investigated the antioxidant activity of flavonoids by many studies demonstrating that flavonoids effectively chelate trace metals which play an important role in oxygen metabolism. Free iron and copper are potential enhancers of ROS formation, as exemplified by the reduction of H 2 O 2 with the generation of highly aggressive hydroxyl radicals, or by copper mediated LDL oxidation (Ashok, 2001) .
Moreover, it is demonstrated that flavonoids, appear to function as good electron and hydrogen donors and therefore should be able to terminate radical chain by converting free radicals and reactive oxygen species to more stable products (Kelly et al., 2002; Yen and Chen, 1995) . Pietta (2000) proposed that binding sites for trace metals to flavonoids are the catechol moiety in the (B) ring, the 3-hydroxyl, 4-oxo groups in the heterocyclic ring and the 4-oxo, 5-hydroxyl groups between the heterocyclic ring and the ring (A). In fact, K3O-ir and R3O-ir structure with their 2,3-double bond in conjugation with 4-oxo function, responsible for electron delocalization from the B ring, and their 3,5 and 7-OH functions together with the 4-oxo group, meets the criteria of potent radical scavenger as reported by Edenharder and Grunhage (2003) .
It can be concluded that the two flavonoid compounds namely Kaempferol 3-O-isorhamninoside and rhamnocitrin 3-O-isorhamninoside exhibited good antioxidant and antigenotoxic activities. These activities should contribute, to the therapeutic benefits with potential chemo-preventive activity of flavonoids.
